high-cholesterol diet. This regimen leads to what appears to be NASH; still, the progression in mice is slow, and the degree of liver fibrosis is not as severe as that seen in the later stages of NASH in humans. Others have tried creating a better mouse model of NASH by also incorporating high levels of fructose in normal chow; using a limited amount of a fibrosis-inducing agent such as bleomycin along with a high-fat diet; or raising the mice at thermoneutrality to reduce their stress and thus allow for a more potent immune response, a key contributor to the pathology in NASH. A combination of these approaches may ultimately lead to a more relevant rodent model of NASH. But what will be needed to prove the accuracy of the model is not simply pathology to identify the degree of immune infiltration and fibrosis in the liver, but also use of genetic analyses on the hepatocytes to see whether the resulting gene expression signature of the model accurately reflects that seen in human hepatocytes from individuals with NASH.
The current rodent models of NASH, particularly those in mice owing to the ability to facilitate genetic manipulations in this species, have allowed us to gain important insight into NASH progression, including identifying a role for several stress-related kinases-ASK1, p38-MAPK and JNK-in promoting inflammation. Even so, what would likely allow for more assured translation to clinical trials would be a large animal model that is more closely related to humans-notably, nonhuman primates. Such models have recently been reported and involve the selection of monkeys with spontaneously occurring metabolic syndrome (a constellation of pathologies including obesity, hyperglycemia, dyslipidemia and elevated blood pressure) and mild NASH that are then placed on a high-fat diet to induce more severe NASH. It is still unclear whether such a nonhuman primate model can be easily generated or reproduced, but the availability of primate models may more rapidly advance the potential therapeutic options in development. These potential therapies have been limited to anti-inflammatory and antioxidant approaches, such as pioglitazone or vitamin E (the PIVENS trial), a synthetic bile acid (obeticholic acid in the REGENERATE trial) and a dual peroxisome proliferator-activated receptor α/δ agonist (elafibranor in the RESOLVE-IT trial).
More clinical trials for the treatment of NASH are needed, but it should be noted that such trials still have limitations. Currently, patients with NASH need to be identified by liver biopsy, which limits ease of enrollment and therefore drives up cost and the amount of time invested, and continued biopsies are needed to monitor drug response. These hurdles are all the more reason to strive for more accurate animal models that can be used to test the potential effectiveness of a therapy for NASH. Doing so should make the leap to a clinical trial more productive.
Cutting out the liver fat
Better animal models of nonalcoholic steatohepatitis are needed to more fully understand the disease and to identify potential new therapeutic treatments for this increasingly common condition.
